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Effects of drifting materials on benthic macrofaunal
community in Fukiagehama Beach

Kusuto Nanjo”, Yohei Koga®, Shogo Sunohara® and Yusuke Suda’

Abstract: In order to clarify the effects of drifting macrophyte wracks and other materials on benthic
macrofaunal community in sandy beaches, species richness and abundance of small benthic
macroinvertebrates and sediment conditions (median grain size, sediment moisture, penetration resistance
and temperature) were compared among the macrophyte wrack area (MA), drifting material area (DM) and
sand area (SA) in the reflective, intermediate and dissipative beach type zones in Fukiagehama Beach,
southern Kyusyu island, in May and October, 2015. A total of 4,200 individuals, comprising 12 species (7
families) were collected by quantitative sampling. Talitridae was the most dominant family in species richness
and abundance (5 species, 4,453 individuals). In May, Sinorchestia nipponensis was particularly dominant,
comprising 41.4% of the total individual riumber, whereas Excirolana chilioni was most dominant in October
(35.7%). In addition, terrestrial beetles such as Staphylinidae sp. and Hydrophilidae sp. were also collected.
Mean species and individual numbers were significantly higher in MA and DM compared to SA in May,
suggesting such drifting wracks and materials may be important for Talitridae as food sources and low
temperature- and moist-microhabitats. However, such tendencies did not observed in October, when Excirolana
chiltoni was dominant. For such an infaunal species, macroalgal wrack and other materials on sediment
surfaces may not be a determinant factor affecting their distributions.
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AL S & B HAENAEEMEV D, EEEELRED
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ZOWEEBCRITTHELRALNICTH720I0 0, EE
R EEEYOBRRERTTAZLIZEETHL EER
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Z 2 CAECILERERK EEHAME L, FEY
OEDERL L EHE, B, REBEO 35 4 TOWIEIC
BWT, EEYOF RO R 2 AT C/NURAELE
Yo, FEEL BHEIRLZLNE I PERN, £
72, EHEOREREKE, HMHRELR EOWHEEOEL
HEBRICHRD Z LT LY, EEWIIEO/NYRA LY
OBERBILED L) BEBEEZRIZTIEZHLN,IITAZ
ERENE L

MPETE

HE M & RERRE

RAAEMTHLERBRR LIRIEELEOWRICME
L, WARIEREH30 kmildET 5 HEAGROER LR
W TH 5 (Fig. 1o FlERIEILERS 5 M I AT Tl
BARAIRER TR D L L SITHRIESERT 2 5% b
S b OB R HIEEIERERY CEOVTHET
&, WRERZALE A SN R EE (2 )il#X), &
MERE (FRHMBX), #EEPE (MEX) 03454
TERPTAHIENTELD, FPRTEZIDIFAT
OWEZ WA S E Lz (Fig 2).

3ODWES A TOMEREIIBNT, FTF) TS
AV EERROCTEEDEZ BRCHAL, E5MoRELE
O RLE 5 SEEORNER T ENEN4 y BT O
EL7 (n=4) (Fig 3).
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Fig. 1. Map of the Fukiagehama Beach located on
southwestern Kyusyu, which includes reflective,
intermediate and dissipative beach types.
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Fig. 2. Reflective, intermediate and dissipative beaches in
the Fukiagehama Beach.
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Fig. 3. Macrophyte wrack area, drifting material area and sand area in the Fukiagehama Beach.
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T INEI 7 ARERIRE S S Vi (AL
#OM2E) ZHVTEHEL VT, ZOB, 2000, 1000,
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ZuEHWz, 20k, BTFREEHCTESDWVIZKY
L7=% > 7% 1/1000 g% THE L7,
BRBIIOWTRHEEY DD 5 XETIHEEWET OE
BoOWz, BHRMBXTEEBOWET 4 —XA 7=V 1T
WadgT w7212, BHTELRICHED . HIFER
CRo 728, BbRoziby > 7% 1/1000 g THEE
L, #RAEBEOEREORIELDEKRE (%) 2HHL
e
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BWThD o UREEY LB 5T 72, FREXIIBNT
FNEAEREYELA (n=4), ELEYITAE QR
LRABEES AL I NN ERIIRBAICANRTEMT
BN YEE L, B LYY v 7 F /N gy &
EAEMIEY V. R EHRE - MY L ed o T
ZEMORERIE Z 1T o 7o KICEAEYORERF L,
BERAFR L, £/, RELEEYORERLHE
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HIZR L 72 A AR Y O 85 & B EATE 7 1 TR &
HAEXETCEORERLR LN E D PERL7-0IZ, 58
EI0ADF =510 L TENREN ICELE S B & 475
oo SOGWORRE, ZREEBPRONHEI2E. —T
S L % EHBIE (Turkey-Kramerd:) # fWv T
Ey A TEERERBICBIT 2 AEEZOEEEZHE L,
F72, BAE, thOuREME SREIIOWT D RARICHT
Lo HIFRREIZDWTE, BiEF 47, REX, BT
BEEFERE LTETRESWONEIT 272 BITORBIC
F— s OSSN EEREER L0, ERKEOFT—FIL
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# (log (x+1)]) &7 o720 LA LOBEITICE, HEHR
7 b7 =7 SPSS Statistics Version 22 (International
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FPOLRIEAEIE 5 A L 101 & b izdeoo KT S Rl o
MEEN A T/ E 4 A AR D S (Table 1),
INSOEIES A THTEEICERD, KEBTRD
KE&L, BEBTEDIEPo72 (p <001) (Table 2),
HEWIESY 4 7B 5Pk £, JEHE T4l £
02~051+0.1 mm, FHEET020+01~030+01 mm, &
HET0.19£01~034+02 mmTH Y (Table 1), KE#
EPR~/ANE, BN ~ A, EEAN LA ~ P
ORFTEHER SN TV, —7, HERMIZENZE
DOLNLG o7

EAKEIZS A TIIMERMTHRICELR Y, XX
D OEAMER L IEAEYX CHEEILE» -7 (p < 00D
(Tables 1, 2)o —4, 10 TIIBHESY 4 F7HTELR Y, K
FRTHRHEH, -7 (p <0001) (Tables 1,2)o

EEOBAEIES ALI0A L bICHiES 4 FHTESR
D, KEHCEL, BB TE»-72 (p <00D. —4,
IMAEXENEWCIZED NG h o7z,

WHREIXS A LI0AEBIESICE-TRRY, FE
OemTHERLBEHL, 10 ecmTHR D K2 -7 (p < 0001)
(Tables 1, 2)o F72, SATHRABKMTHRLD, TF
BEXEFEEPX L) OBHRBE THEREICEP -7 (b <
0.05) (Tables 1, 2)o —7, 10A TIERHE & FHA LY
YRR CEWEBIIZH 572 (p <0.01) (Tables 1,2),

EEMEREEY
5 AOBETIE, EEDITXTOWESY 1 FIZhbh,
FICRE, Ak BELETHo7z. —F, EEERILF
> ¥ 77 J ¥Sargassaceae spASEEENI BV THOAED S
Nz BWES 4 IBT 2 EEYOTIHERE, IR
T28053+574.9 g /0.25 cul, HEHIC13125+750.1 g /0.25
om, FEEEIT2535+189.7 g /025 etk KE BRI CTHR L L H o
Too BEILZALNIEZFHEOTIHERIIS+827 g
/025 i Tdh - 720 100 Tld, EXEPWOERGFHE T
95.3%+450 g /0.25 cnf, T T1255+823 g /0.25 cmi,
B C2190+1989 g /025 cof & M EXT TH W ATA S
Nizo REBEEHHTALNEFBEEOERIEINE
1995+39.6 g /0.25 ci, 1980+106.3 g /0.25 ciiTdh o 720
EYMAEORER, G 7 F12M84, 200k 0 A Y hsERE
&7z (Table 3)o 20 HA7 B A YETalitridaedt
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3 A A Latona cuneata, N ¥ ¥ I L ¥ Blos granuliferus 7
Eo0igd, N F A 7 ¥ #BStaphylinidae sp.R° & & ¥ F
Hydrophilidae sp.z EOELLEHBEOIFRESN, Zhoid
IS5 A% o7z (Table 3)o

MNEUREAEY OFHER & EAEE, 5 ATIRMES
THEREXBETEREICRLRY, BEBEYOH52RDITS
PHRBX LY FEICE o7z (p <0001) (Table 4).

Table 1 Mean values (%= SD) of environmental factors at each area in each beach type in May and October. MA,
macroalgal wrack area; DM, drifting material area; SA, sand area.

May
Reflective beach Intermediate beach Dissipative beach
MA DM SA MA DM SA MA DM SA
Median diameter (mm) 0.45+0.1  0.46+0.1 0.25£0.1  0.28+0.1 0.19+0.1  0.20+0.1  0.20+0.1
Sediment moisture (%) 3.35£0.9 1.05+1.1 8.08£0.5  1.65+1.3 11.57+7.0 7.70£1.8 3.80+3.7
Penetration (N) 9.00£1.1 6.21+2.4 15.20+3.3 17.08+10.9 18.54£7.0 17.2943.1 14.03+2.3
Temperaute (°C) O0cm 23.8+0.9 31.6+2.3 27.1£1.0  35.3x1.9 24.6+2.3 24506 26.4+0.3
5cm 22.8+0.5 27.9+0.9 25.6£1.1  31.6£2.8 24.0+1.3  23.8+0.5 24.6+0.3
10 cm 22.9+03 253+1.9 23.8+0.3  26.5£2.3 22.8+1.0 22.6£0.5 22.3+0.5
October
Reflective beach Intermediate beach Dissipative beach
MA DM SA MA DM SA MA DM SA
Median diameter (mm) 0.51£0.1 0.41+0.2 0.25+0.1  0.30+£0.1  0.20%0.1 0.27+0.1 0.34%0.2 0.28+0.1
Sediment moisture (%) 3.48+1.8 2.21+2.1 9.53+4.1 19.56£6.5 14.80+9.5 12.42+1.7 8.06£3.4 9.27+4.0
Penetration (N) 4.46£1.5 7.96+3.58 22.25+11.0 18.15%6.9 25.65+10.2 6.00£0.2 5.56+0.4 5.67+0.1
Temperaute (°C) Ocm 31.0+£2.2  34.520.9 29.0£0.6  30.9+1.8  32.0+0.4 30.9+0.8 31.320.5 30.6%1.3
5cm 27.0£3.0 31.320.7 26.0£1.1  28.0&1.4  28.1+1.0 27.6£0.5 28.8£0.9 28.0+1.2
10 cm 22,0422 26.0£2.0 233£1.6 25110 23.8+1.0 26.0+£0.4 24.8+1.3 24.1%1.9

Table 2 Results of a three-way ANOVA and two-way ANOVA testing differences in median grain size, sand moisture,
penetration resistence and sand temperature among areas and beach types in May and October. Ref, reflective
beach; Int, intermediate beach; Dis, dissipative beach; MA, macroalgal wrack area; DM, drifting material area;

SA, sand area.

May October
df MS I p Tukey test df MS f p Tukey test
Median grain size
Bearch type 2 0.108 50.02 <0.001* Dis <Int<Ref 2 0070 7903 <0.01* Dis<Int<Ref
Area 2 0.001 0.216 0.807 2 0.018 2.099 0.145
Beach type x Area 2 0.001 0.141 0.870 2 0.002 0.220 0.882
Residuals 21 0.002 21 0.009
Sediment moisture
Bearch type 2 0854 1.058 2 6.6 22.18 <0.001* Ref<Int, Dis
Area 2 4774 5913 <0.01* SA<MA,DM 2 0260 0.878
Beach type x Area 2 0737 0913 2 0433 1459
Residuals 21 0.807 19.74 21 0.297
Penetration resistence
Bearch type 2 3892 7304 <0.01* Ref<Int, Dis 2 1718 28.50 <0.001* Ref, Int<Dis
Area 2 0363 0.680 0.517 2 0757 1.257
Beach type x Area 2 0219 0411 0.668 2 023 0.392
Residuals 21 0.533 21 0.603
Sand temperature
Beath type 2 0028 60.74 0.341 1 0.004 7.054 <0.01* Ref,Int<Dis
Area 2 0.033 7224 <0.05* DS,MA<SA 2 0.002 2939 0.059
Depth 2 0024 51.89 <0.001* Ocm<5cm<10cm 3 0.092 1785 <0.001* 0Ocm<5cm<10cm
Beach type x Area 3 0010 21.62 0.215 2 0.002 1403 0.256
Beach type x Depth 4 0.001 2.288 0.961 3 0.001 0.994 0.416
Area x Depth 4 0.003 6.885 0.892 6 0.001 1.487 0.215
Beach type x Area x Depth 6 0.001 0.533 0.712 6 0.000 0902 0.498
Residuals 21 21
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Table 3 Total number of individuals of small benthic macroinvertebrates collected at each area in each beach type in
May and October. MA, macroalgal wrack area; DM, drifting material area; SA, sand area.

May October
Family Species Refletive Intermediate Dissipative Refletive Intermediate Dissipative
MA DM SA MA DM SA MA DM SA MA DM SA MA DM SA MA DM SA
Donacidae Latona cuneata 1 2 15
Talitridae Sinorchestia nipponensis 1 1 68 21 1441 64 13 1121 3 3 0
Platorchestia joi 21 61 73 9 1 3 2 4
Sinorchestia sinesis 14 5
Trinorchestia trinitaris 23 1 2 3 1 24
Talitridae spp. 5 6 4 4 6 1 33 1 3
Cirolanidae  Excirolana chiltoni 36 62 4 2 3 754 251 135 29 128 97
Tylidae Tylos granuliferus 2 2 4 2
Idoteidae sp. 1
Formicidae Formicidae sp. 7
Staphylinidae Staphylinidae sp. 9 207 6 1
Hydrophilidae Hydrophilidae sp. 37 233 2

Table 4 Results of a two-way ANOVA testing differences in mean numbers of species and individuals among areas and
beach types in May and October. Ref, reflective beach; Int, intermediate beach; Dis, dissipative beach; MA,
macroalgal wrack area; DM, drifting material area; SA, sand area.

May October
df MS f p Tukey test df MS f p Tukey test
Number of species
Bearch type 2 1165 11.18 <0.001* 2 1.508 14.68 <0.001*
Area 2 2583 2479 <0.001* SA<MA, DM 2 0.045 0440 0.649
Beach type x Area 2 0.156 1499  0.246 2 0237 2303 0.103
Residuals 21 0.104 21 0.103
Number of individuals
Bearch type 2 13.16 3740 <0.001* Ref<Int, Dis 2 294 3322 <0.001%
Area 2 27.63 7851 <0.001* SA<MA, DM 2 0557 0.629 0.542
Beach type x Area 2 0.095 0.270 0.766 2 3557 4.021 <0.05%
Residuals 21 0.352 21 0.885
FRCEARILARTOEEBER ICB W TROR L ) 5 =z i

ZiEhorz (Fig Do FAMBEISREE L D & A
EBBEITS o7 (p <0001),

—%, 10ATId5 A & 3E L 2EmAFD Shiz, T
HEIIWIES 4 THTHERIZEL Y (p < 0001), =
TEHEWHITICH -7z (Fig. 4). BEHICBWTIE—ROK
FEAERDASNTH (Table 4), ZOBOMBNI TIEIEEL
ZIRDLNLE D o7,

EWES A TOREXICHA LB HEOBAEEEEGZ
Fig. 5iZR L7ze BATIRIEBLAEOWBIES 4 TOREKXK
ZBWTAR PELAVENREGEZ LD, =k AP
PY A TR ANT I Y L Y Platorchestia joils % o 120
T, BEBEXEEEYRICGEEERREONR S 7 ¥
Bera BB LL (Fig 5)s —F, 104 TS5 AL
BhLTwien< PEAVEOBKKIZEAL, b
CAAFRY AYPBEEICE Do T,

AFZIC LY, BERBER ERIZBWT, EEYI3/NE
ALY OBEMBEIRE L HEERIZTIEIHLNK
Gol AV FHEOMBEIEMT 25 AilBw
T, ZOEMIEETH o7z ZOBY, R LEOHMW
TEN MEAVEMELELTRY, EHEEREX EIEEX
2B LI OB L EEBIEBRRK L ) EEFILL
{, 85I, EHEWREX CIHEEDRX X 0 b EERFE -
2o TAVAWE, v=UT, BIOF—X 5 THE
HWOMIEIIBWT Y, EEFBREDS WIMETI/NRA
EYOEBLEERPEETH LI LB RESN TS
TV e v R A AR OB R T AR B ASIE O B
FRERTIEEHAIBE—MBNEERNTHLLEEZON
Bo —F, WEETIRIORAICIZE AR FRY L VBELL
THEY, EEYOFELTEICL 2 2 h S OEEREOE(L
5 ALY LTRHIRCTH o7,
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Fig. 4. Mean numbers of species and individuals of small benthic macroinvertebrates at each area in each beach type in
May and October. MA, macrophyte wrack area; DM, Drifting material area; SA, sand area.
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Fig. 5. Frequency of occurrences of dominant species of small benthic macrointertebrates occurring at each area in each
beach type in May and October. MA, macrophyte wrack area; DM, Drifting material area; SA, sand area.
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Lo THHREOTEBEIMLVWEREEE 25, ZhIIWL, &
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WO ORIED & OMEZNTWSEY, Ince et al. (2007)
EA—A 5 7TEEHOBIICE TR A A o 5
% SERERAMELEZEN, IRSOBEMEILESE L
AR EERORELFAMLLTWAZ L ERLET, &
BIZ, NAW 7 VELREOELRERIIZONT ME AT
AWETA-OIESERIIOAT A0, AR
REROAEBYINT LA VEF N LT EEERNE
WhAThrEETQO-—DPHEETLEIELIRBEINLTY
bo Lo T, EEEEIIMOESEY & FBICERER
MR E A R B A RS 5 22 TiE R, Ao b
AVIBIZE S THEFRE L TOBRIALRZLTHD L EL
BNB, ZM2OOERICLY, AT b E A VHEIEEY,
BCERBRICE (AT L0 ) T EARE SR,

22l NEEHEOL A AFFRT A VIEEDICH L
THELSIIR S ol REREN N IELAVEHER
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